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(54) PIEZOELECTRIC THIN FILM 

(57) Abstract: 

PURPOSE: To select any arbitrary central frequency and temperature 
characteristic by setting the density of ox i gen contained in an AIN thin film on 
a sapphire board and the crystal izat ion of the thin film lower than specified 
value. 

CONSTITUTION: The density of ox i gen contained in the AIN thin film on the 
sapphire board is made less than 1%, and the crystal izat ion of the thin film is 
set less than 0.50° . Thus, the temperature characteristic of the propagating 
velocity of surface acoustic waves(SAW) on the thin film is accurately 
controlled, and the piezoelectric thin film for a SAW device is obtained to 
enable to select any arbitrary central frequency and temperature characteristic. 
In this case, it is desirable that the sapphire board is a sapphire (110) board, 
the surface of the AIN thin film parallel to the board is a (001) surface or 
sapphire (110) or (001) and the surface of the AIN thin film is the (001). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo electric crystal thin film characterized by for the oxygen density contained in this 
thin film being 1% or less in the laminated circuit board which consists of an A1N thin film on silicon on 
sapphire and silicon on sapphire, and the crystallinity of this thin film being 0.50 degrees or less. 
[Claim 2] The piezo electric crystal thin film according to claim 1 characterized by for silicon on 
sapphire being a sapphire (012) substrate, and the field of an A1N thin film parallel to this substrate 
being a field (110). 

[Claim 3] The piezo electric crystal thin film according to claim 1 characterized by for silicon on 
sapphire being a sapphire (001) substrate, and the field of an A1N thin film parallel to this substrate 
being a field (001). 

[Claim 4] The piezo electric crystal thin film according to claim 1 characterized by for silicon on 
sapphire being a sapphire (110) substrate, and the field of an A1N thin film parallel to this substrate 
being a field (001). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the piezo electric crystal thin film used for SAW 

devices, such as an SAW filter, a SAW resonator, and a SAW sensor. 

[0002] 

[Description of the Prior Art] Alumimium nitride (A1N) is piezoelectric film which has high insulation 
(a band gap is 6.2eV). The application as passivation film of an III-V group compound semiconductor is 
considered using the high insulation. Moreover, since the velocity of propagation (it omits Following 
Vs) of a surface acoustic wave (it omits Surface Acoustic Wave and Following SAW) is the largest in a 
piezo electric crystal, the application as a SAW device represented by the SAW filter of a high 
frequency field is expected. 

[0003] The center frequency in an SAW filter, an insertion loss, and the temperature characteristic and 
other filter shapes are determined by the tandem-type electrode pattern (it omits Inter Digital Transduser 
and Following IDT) constituted on the propagation property of SAW, and a piezo electric crystal. 
Between the thickness [k=2 pi/lambda (lambda; wavelength of a surface acoustic wave) and H show the 
thickness of an A1N thin film kH and here] of the A1N thin film standardized on the rate of a surface 
acoustic wave, and the wavelength of a surface acoustic wave, it is known from the former that the 
relation shown in drawing 5 or drawing 6 will be materialized. 

[0004] Center frequency F0 of an SAW filter Since (1) type is determined F0 = Vs/lambda (1) , 
F0 of arbitration What is necessary is just to determine according to drawing 5 and drawing 6 , in order 
to obtain. However, about the temperature characteristic of center frequency, repeatability was not 
acquired among the properties of a SAW device until now, but there was no control approach. About the 
relation between the temperature characteristic and kH, it is 1975IEEE, for example. Ultrason.Symp., 
P.234 (1975), 1978IEEE A report is looked at by Ultrason.Symp., P.598 (1978), etc. IEEE by 
Mikoshiba's and others MOCVD method Trans.onSonics and Ultrason., su-32 It is shown by by limiting 
the oxygen density in an A1N thin film by the report in P. 634 (1985) that a zero temperature coefficient 
is realizable. However, it has come to say the knowledge by these reports to repeatability as a clear 
inclination deficiently. 

[0005] Therefore, the actual condition is that there was nothing to this, and the approach of controlling 
the temperature characteristic by kH had become a serious failure when this uses an A1N thin film as a 
substrate for SAW devices. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is to offer the piezo electric crystal thin film 
for SAW devices which consists of A1N which can choose the center frequency of arbitration, and the 
temperature characteristic. 
[0007] 

[Means for Solving the Problem] This invention is as follows. 

1 . Piezo electric crystal thin film characterized by for oxygen density contained in this thin film being 
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1 % or less in laminated circuit board which consists of A1N thin film on silicon on sapphire and silicon 
on sapphire, and crystallinity of this thin film being 0.50 degrees or less. 

2. Piezo electric crystal thin film according to claim 1 characterized by for silicon on sapphire being 
sapphire (012) substrate, and field of A1N thin film parallel to this substrate being field (110). 

3. Piezo electric crystal thin film according to claim 1 characterized by for silicon on sapphire being 
sapphire (001) substrate, and field of A1N thin film parallel to this substrate being field (001). 

4. Piezo electric crystal thin film according to claim 1 characterized by for silicon on sapphire being 
sapphire (110) substrate, and field of A1N thin film parallel to this substrate being field (001). 
[0008] As a result of artificers 1 advancing examination wholeheartedly, that it is what is depended on 
crystalline lack of the oxygen density of acquire [ by the temperature characteristic of a center of filter 
frequency / repeatability ] in an A1N thin film not being fixed and an A1N thin film became whether to 
be **. Three kinds of causes of mixing of the oxygen to the inside of an A1N thin film are considered, 
one is existence of the oxygen impurity contained in a membrane formation raw material, one is that 02 
contained in a membrane formation ambient atmosphere, H2 O, etc. are incorporated by the direct A1N 
thin film, and it is that 02 contained in a membrane formation ambient atmosphere and H2 O react with 
a membrane formation raw material, and another is incorporated by the A1N thin film. 

[0009] Especially in the case of the MOCVD method, it is thought that the 3rd cause is serious. 
Although a reaction is started after removing 02 which fully carried out vacuum suction of the 
membrane formation room, and stuck to the interior of a room and piping, and H2 O in case an A1N thin 
film is generally compounded by the MOCVD method etc. An organic metal aluminum, for example, 
the matter like trimethylaluminum, 02, Dispersion with slight 02 which mixing of the oxygen to the 
inside of an A1N thin film arises even if it is very slight existence, since reactivity with H2 O is very 
high, and is contained in a membrane formation ambient atmosphere and amount of H2 O had led to 
dispersion in the amount of oxygen mixing to the inside of an A1N thin film. 
[0010] Two kinds of causes by which the crystallinity of an A1N single crystal thin film becomes an 
ununiformity are considered, one is that impurities, such as oxygen, dissolve in the A1N film, and 
another is the lattice strain and stress distortion which were produced according to the gap of physical- 
properties mismatching with a substrate single crystal, i.e., a lattice constant, and the difference of a 
coefficient of thermal expansion. It is the trouble of especially general hetero epitaxy [ cause / latter ], 
and it is important to solve this, when putting the A1N single crystal thin film in practical use as a SAW 
device. 

[001 1] The method of raising the crystallinity of an A1N thin film is indicated to this problem by making 
a buffer layer placed between the interfaces of silicon on sapphire and an A1N thin film in JP,2- 
141495,A, JP,2-153896,A, and JP,2-153897,A. The synthesis method of the A1N thin film for resulting 
in this invention has a desirable synthesis method by the gaseous-phase method. In order to optimize the 
temperature gradient near the silicon on sapphire in the case of composition of the A1N thin film by a 
vapor phase synthetic method which is especially indicated by Japanese Patent Application No. No. 
276538 [ two to ], i.e., a CVD method Namely, apply to a gaseous phase from the substrate with which 
the addition product generated from material gas can reach a direct substrate, and it is made a steep 
temperature gradient. And it is desirable to be based on a vapor phase synthetic method which 
introduces two or more kinds of carrier gas in a reactor in order to optimize so that this addition product 
can be made to evaporate. In order to solve the problem of mixing of the oxygen furthermore described 
above, it is desirable to use halide system aluminum as a membrane formation raw material. It is a 
desirable mode in operation of this invention to combine the approach of making a buffer layer 
intervening with the interface of the silicon on sapphire and the A1N thin film which were mentioned 
above in such a vapor phase synthetic method. In this case, as shown in drawing.! , it is desirable that 
the crystallinity of an A1N thin film has the thickness of an A1N thin film and correlation, and it does not 
result in this invention about the case where it separates from this functionality remarkably. 
Functionality like drawing 7 is acquired by optimizing substrate temperature, reaction pressure, a 
reaction ambient atmosphere, etc. in the vapor phase synthetic method indicated by Japanese Patent 
Application No. No. 276538 [ two to ]. It is indispensable that the oxygen density in an A1N thin film 
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which is defined especially as the following is 1% or less, and that crystallinity is 0.50 degrees or less. 
Furthermore, crystallinity is 0.40 degrees or less preferably. Here, measurement of the oxygen density in 
an A1N thin film is based on the depth direction analysis which used Auger electron spectroscopy. The 
quantum approach is explained below. 

** Ask for the relative sensitivity coefficient to aluminum of O from measurement of the standard 
substance (silicon on sapphire). 

** Ask for the ratio of O and aluminum in an A1N thin film sample from the depth direction profile in 
the high sensitivity of an A1N thin film sample, and the relative sensitivity coefficient for which it asked 
by**. 

** Compute the absolute concentration of O in an A1N thin film sample from the value of **, assuming 
the concentration in the A1N thin film sample of aluminum to be 50at(s).%. 
Here, the measuring device and Measuring condition which were used are shown. 
[0012] 

Equipment : ] by JAMP-7100[JEOL Co., Ltd. 

Acceleration voltage : 3kV exposure current : 30nA (it usually measures), 150nA (high sensitivity 
measurement) 

Sample dip : 75-degree analysis field : 300 micrometerx60-micrometer addition time amount : 256ms (it 
usually measures), 1024ms (high sensitivity measurement) 

Ar+ Ion acceleration voltage : 3kV is carried out to crystalline assessment of an A1N thin film with the 
half- value width of an X-ray rocking curve again. The 0.3mm thing is used for the light-receiving slit at 
the divergent slit and the scattering slit using the 1/6-degree thing. In addition, measurement was 
performed using RAD-IIIA by Rigaku Corp. 
[0013] tauv (ppm/degree C) is computed by (1) type, 
tauv ={(VT-V25) /V25(T-25)} xl06 (1) 

However, VT T degrees C and V25 are the velocity of propagation (m/s) of the surface acoustic wave in 

25 degrees C. 

[0014] 

[Example] Next, an example explains this invention to a detail further. The outline of the equipment 
suitable for carrying out this invention to drawing 8 is shown, in addition, the thickness measurement of 
an A1N thin film — Optical multichannel the many wavelength which used anallyzer (product made from 
EG&G PRINCETON APPLIED RESEARCH) - a spectrum - it carried out by the mold flux of light 
interference measuring-the strength of the light method. 
[0015] 

[Example 1] This invention is carried out with a CVD method using the equipment of drawing 8 . It is 
A1C13 as an evaporation source of an aluminum metal. After using and filling up a stainless steel 
container, it puts into a thermostat, and is heated in predetermined temperature, and vapor pressure is 
obtained. The ammonia gas of 99.9995vol(s) % is used as a nitrogen source. It is N2 of 99.99995vol(s) 
% as carrier gas. H2 of 99.99999vol(s) % Partial heating is carried out by RF induction wave heating at 
substrate heating susceptor using the disk of graphite using mixed gas. The conditions used in operation 
below are listed. 
[0016] 

A single crystal substrate The Rth page of sapphire A1C13 Retention temperature 140 degrees C A1C13 
The amount of distributed gas 20sccm The ammonia amount of supply 5sccm(s) The amount of carrier 
gas N2 420sccm(s) H2 55sccm(s) Reaction pressure 60torr reaction forward pressure Using the 
conditions of 1x10 to 2 or more torrs, substrate temperature and reaction time were changed, the A1N 
thin film was compounded, and the thickness of the obtained A1N thin film, the oxygen density in an 
A1N thin film, and the crystallinity of an A1N thin film were summarized into a table 1 . 
[0017] After composition, these film carried out mirror polishing of the front face with diamond paste, 
and constituted the tandem-type electrode (it omits inter Digital Transduser and Following IDT) 
according to the photolithography process. Temperature characteristic tauv of Vs There were three kinds 
of IDT(s) for asking, it is a normal mold electrode altogether, the logarithm of an electrode finger made 
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the input and the output 64 pairs, and wavelength (lambda) was made into three kinds, 6 micrometers, 8 
micrometers, and 10 micrometers. These IDT(s) estimate the SAW filter property of the sample of a 
table 1, and it is temperature characteristic tauv of Vs. It asked. The result was summarized in a table 2. 
In addition, in measurement of an SAW filter property, they are YOKOGAWA and a network analyzer 
by Hewlett Packard Co. HP The probe by cascade MICRO-TEC Co., Ltd. performed using 851 OB. In 
addition, IDT was formed so that the propagation direction of a surface acoustic wave might become the 
c axis projector of the Rth page of sapphire, and parallel. These results were plotted to drawing 1 . tauv 
It is shown by (2) types and is tauv =-84.61 (kH)-0.2539+36.27. (2) 

The gap from this curve is 0.21 ppm/degree C at the maximum, and is tauv by (2) types. Having been 

controlled is shown. 

[0018] 

[The example 1 of a comparison] It carried out on the conditions shown below with the CVD method 
using the same equipment as what was used for the example 1 . In addition, in No. 1 of the example 1 of a 
comparison, and No.2, the nitrogen gas of 99.9995vol(s) % was used for the ammonia gas of 99.99vol(s) 
%, and carrier gas as a nitrogen source. In No. 3 of the example 1 of a comparison, the ammonia gas of 
99.9995vol(s) % and the nitrogen gas of 99.99995vol % were used. Moreover, the reaction forward 
pressure in No. 3 of the example 1 of a comparison is lxl0-2torr like an example 1. 
[0019] 

Single crystal substrate Rth page of sapphire A1C1 3 Retention temperature 150-degree-CAlC13 The 
amount of distributed gas 2 5 seem ammonia amount of supply The amount of 5 seem carrier gas 470sccm 
reaction pressure lOOtorr reaction forward pressure Using the conditions of 1x10 to 1 or more torrs, 
substrate temperature and reaction time were changed, the A1N thin film was compounded, and the 
oxygen density in the thickness of the obtained A1N thin film, crystallinity, and an A1N thin film was 
summarized into a table 3. 

[0020] The same polish processing as an example 1 is performed, the same IDT as an example 1 
estimates an SAW filter property, and these film is tauv. It asked. The result was summarized in a table 
4 and plotted to drawing 9 . tauv on the A1N thin film obtained by the example of a comparison so that 
more clearly than a table 4 and drawing 9 The gap from the curve shown by (2) formulas in this 
invention is large, and is over degree C in at least 1 .00 ppm /. kH and tauv which are shown by (2) 
formulas when the oxygen density in an A1N thin film does not satisfy that the crystallinity of 1% or less 
and an A1N thin film is 0.50 degrees or less from this result Necessarily not fitting functionality is 
shown. 
[0021] 

[Example 2] The sapphire C side was used for the single crystal substrate, and also the A1N thin film 
was compounded by the same approach as an example 1 . The conditions used in operation below are 
listed. 

A single crystal substrate A sapphire C side A1C13 Retention temperature 140 degrees C A1C13 The 
amount of distributed gas 20sccm The ammonia amount of supply 5sccm(s) The amount of carrier gas 
N2 420sccm(s) H2 55sccm(s) Reaction pressure 55torr Reaction forward pressure Using the conditions 
of 1x10 to 2 or more torrs, substrate temperature and reaction time were changed, the A1N thin film was 
compounded, and the oxygen density in the thickness of the obtained A1N thin film, crystallinity, and an 
A1N thin film was summarized into a table 5. 

[0022] These film evaluates an SAW filter property by the same approach as an example 1 after 
composition, and is temperature characteristic tauv of Vs. It asked and the result was summarized in a 
table 6. In addition, the propagation direction of a surface acoustic wave formed IDT so that it might 
become the a-axis of a sapphire C side, and parallel. The result of a table 6 was plotted to drawing 2 . 
tauv It is shown by (3) types and is tauv =7.42(kH)-70.70. (3) 

The gap from this straight line is 0.62 ppm/degree C at the maximum, and is tauv by (3) types. Having 

been controlled is shown. 

[0023] 

[The example 2 of a comparison] It carried out on the conditions shown below with a CVD method 
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using the same equipment as what was used for the example 2. In addition, in No.l of the example 2 of a 
comparison, and No.2, the nitrogen gas of 99.9995vol(s) % was used for the ammonia gas of 99.99vol(s) 
%, and carrier gas as a nitrogen source. In No.3 of the example 2 of a comparison, the ammonia gas of 
99.9995vol(s) % and the nitrogen gas of 99.99995vol % were used. Moreover, the reaction forward 
pressure in No.3 of the example 2 of a comparison is lxl0-2torr like an example 2. 
[0024] 

Single crystal substrate Sapphire C side A1C13 Retention temperature 1 50-degree-CAlC13 The amount 
of distributed gas 25sccm ammonia amount of supply The amount of 5sccm carrier gas 470sccm 
reaction pressure 95torr reaction forward pressure Using the conditions of 1x10 to 1 or more torrs, 
substrate temperature and reaction time were changed, the A1N thin film was compounded, and the 
oxygen density in the thickness of the obtained A1N thin film, crystallinity, and an A1N thin film was 
summarized into a table 7. 

[0025] The same polish processing as an example 2 is performed, the same IDT as an example 2 
estimates an SAW filter property, and these film is tauv. It asked. The result was summarized in a table 
8 and plotted to drawing 10 . tauv on the A1N thin film obtained by the example 2 of a comparison so 
that more clearly than a table 8 and drawing 10 The gap from the straight line shown by (3) formulas is 
large, and is over degree C in at least 1 .00 ppm /. kH and tauv which are shown by (3) formulas when 
the oxygen density in an A1N thin film does not satisfy that the crystallinity of 1% or less and an A1N 
thin film is 0.50 degrees or less from this result Necessarily not fitting functionality is shown. 
[0026] 

[Example 3] The Ath page of sapphire was used for the single crystal substrate, and also the A1N thin 
film was compounded by the same approach as an example 1 . The conditions used in operation below 
are listed. 

A single crystal substrate The Ath page of sapphire A1C13 Retention temperature 140 degrees C A1C13 
The amount of distributed gas 20sccm The ammonia amount of supply 5sccm(s) The amount of carrier 
gas N2 425sccm(s) H2 50sccm(s) Reaction pressure 50torr Reaction forward pressure Using the 
conditions of 1x10 to 2 or more torrs, substrate temperature and reaction time were changed, the A1N 
thin film was compounded, and the oxygen density in the thickness of the obtained A1N thin film, 
crystallinity, and an A1N thin film was summarized into a table 9. 

[0027] These film is temperature characteristic tauv of the velocity of propagation [ in / the same 
approach as an example 1 estimates an SAW filter property after composition, and / 25 degrees C ] Vs 
and Vs of SAW. It asked about the case where the propagation direction of SAW is two kinds of <1, -1 , 
0>A1N, and <1, 1, 0> A1N. <1, -1, and 0>A1N were summarized into a table 10, and the result was 
summarized in a table 1 1 about <1, 1, 0> A1N. 

[0028] About <1 , -1 , and 0>A1N, it plotted to drawing 1 1 , and the result of the velocity of propagation 
Vs of SAW was plotted to drawing 12 about <1, 1, 0> A1N. Temperature characteristic tauv About 1,-1, 
and 0>A1N, it plotted to drawing 3 , and the result was plotted to drawing 4 about <1, 1, 0> A1N. In <1, - 
1, and 0>A1N, it is tauv. It is shown by (4) types and is tauv =-57.05(kH)-0.461 8+7.109. (4) 
The gap from this straight line is 0.9 ppm/degree C at the maximum, and it is shown that tauv was 
controlled by (4) types. 

[0029] In <1, 1, 0> A1N, it is tauv. It is shown by (5) types and is tauv =-48.44(kH)-0.5003+0.4210. (5) 
The gap from this straight line is 0.7 ppm/degree C at the maximum, and it is shown that tauv was 
controlled by (5) types. 
[0030] 

[The example 3 of a comparison] It carries out on the conditions shown below with a CVD method 
using the same equipment as what was used for the example 3. In addition, in No.l of the example 3 of a 
comparison, and No.2, the nitrogen gas of 99.9995vol(s) % was used for the ammonia gas of 99.99vol(s) 
%, and carrier gas as a nitrogen source. In No.3 of the example 3 of a comparison, the ammonia gas of 
99.9995vol(s) % and the nitrogen gas of 99.99995vol % were used. Moreover, the reaction forward 
pressure in No.3 of the example 3 of a comparison is lxl0-2torr like an example 3. 
[0031] 
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Single crystal substrate Sapphire C side A1C13 Retention temperature 1 50-degree-CAlC13 The amount 
of distributed gas 25sccm ammonia amount of supply The amount of 5sccm carrier gas 470sccm 
reaction pressure lOOtorr reaction forward pressure Using the conditions of 1x10 to 1 or more torrs, 
substrate temperature and reaction time were changed, the A1N thin film was compounded, and the 
oxygen density in the thickness of the obtained A1N thin film, crystallinity, and an A1N thin film was 
summarized into a table 12. 

[0032] The same polish processing as an example 3 is performed, the same IDT as an example 3 
estimates an SAW filter property, and these film is tauv. It asked. The case of <1, -1, and 0>A1N was 
summarized in a table 1 3, it summarized the case of <1 , 1 , 0> A1N in a table 1 4, and the result was 
plotted to drawing 13 and drawing 14 , respectively, tauv on the A1N thin film which in <1 , -1 , and 
0>A1N was obtained by the example 3 of a comparison so that more clearly than a table 13 and drawing 
13 The gap from the curve shown by (4) formulas is large, and is over degree C in at least 1.00 ppm /. 
kH and tauv which are shown by (4) formulas when the oxygen density in an A1N thin film does not 
satisfy that the crystallinity of 1% or less and an A1N thin film is 0.50 degrees or less from this result 
Necessarily not fitting functionality is shown, tauv on the A1N thin film obtained by the example 3 of a 
comparison so that more clearly [ in <1, 1, 0> A1N ] than a table 14 and drawing 14 The gap from the 
curve shown by (5) formulas is large, and is over degree C in at least 1 .00 ppm /. kH and tauv which are 
shown by (5) formulas when the oxygen density of an A1N thin film does not satisfy that the 
crystallinity of 1% or less and an A1N thin film is 0.50 degrees or less from this result Necessarily not 
fitting functionality is shown. 
[0033] 
[A table 1] 



N o 






mm 






1 


1 2 5 O °C 


3 0# 


1 . 5 9 u m 


O . 7 % 


0 . 3 6' 


2 


12 9 0 


6 O 


3.02 


0. 8 


O. 2 8 


3 


12 7 0 


8 O 


4. 1 1 


0. 5 


O. 2 7 


4 


12 3 0 


1 0 O 


5.09 


O. 6 


0.2 6 


5 


12 6 0 


9 O 


6 . 13 


0. 7 


0.2 4 



[0034] 
[A table 2] 
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N o 


kH 


r v ( p p m/'C) 


1 


0 . 


9 9 9 


- 4 8. 


5 6 


2 


1 . 


2 4 9 


-43, 


8 1 


3 


1 . 


6 6 5 


-38. 


0 0 


4 


1 . 


8 9 8 


-35, 


7 7 


%> 


2 . 


3 7 2 


-31. 


5 9 


! e 
D 


2 . 


5 8 2 


-30. 


0 0 


rj 
I 


3 . 


16 3 


-27. 


1 1 


Q 

I o 


3 . 


19 8 


-26. 


5 7 


9 


3 . 


2 2 8 


-26. 


2 1 


1 0 


3, 


8 5 1 


- 2 3. 


9 1 


1 1 


3 , 


9 9 8 


- 2 3. 


2 9 


1 2 


4. 


3 0 4 


- 2 2. 


2 1 


1 3 


4. 


8 14 


-19. 


9 9 


1 4 


5. 


3 3 0 


- 1 9. 


1 1 


1 5 


6. 


*4 19 


-16. 


7 1 



[0035] 
: A table 31 


N o 






mm 






1 


1 2 9 0* C 


3 0£ 


1 . 3 7 urn 


2. 0% 


0. 8 6° 


2 


12 3 0 


5 0 


2,66 


1 . 8 


0.3 8 


3 


12 10 


9 0 


4.6 5 


0. 9 


0. 7 4 



[0036] 
[A table 4] 
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M A 


kH 


r v (PPm/ *C) 


i 
l 


U . 


q a 1 
obi 


A A 

— 44. 


1 1 


n 
& 


1 . 


r\ *7 

U 7 b 


-3o. 


Q O 

y y 


•a 


1 

1 • 


4 J D 


— A F\ 

— 4 0 • 




A 


1 . 


6 7 1 


-42. 


1 0 




2. 


0 8 9 


- 4 5. 


2 1 


6 


2. 


7 8 6 


-3 5. 


5 1 


7 


2. 


9 2 2 


-27. 


0 0 


a 


3. 


6 5 2 


-21. 


5 1 


9 


4. 


8 6 9 


-23. 


4 4 



[0037] 
A table 51 


N o 












1 


1 2 9 0 °C 


3 0# 


1 . 


12/<in 


0. 7 % 


0. 2 8° 


2 


12 7 0 


6 0 


2 . 


9 0 


0. 6 


0. 3 0 


3 


12 5 0 


8 0 


3 . 


1 4 


0, 8 


0. 3 0 


4 


12 5 0 


5 0 


2 . 


7 2 


0. 5 


0. 2 8 



[0038] 
[A table 6] 
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N o 


kH 


ry (P pm/"C) 


1 


0, 


7 0 4 


- 6 5. 


9 8 


2 


0. 


8 8 0 


- 6 4. 


0 4 


3 


1 , 


17 2 


-6 1. 


3 8 


4 


1 . 


7 0 9 


- 5 8. 


2 0 


5 


1 . 


8 2 2 


- 5 7. 


2 0 


6 


1 . 


9 7 3 


- 5 6. 


1 1 


7 


2 . 


13 6 


- 5 4. 


9 1 


a 


2. 


2 7 8 


- 5 3. 


8 9 


9 


2 . 


4 6 6 


- 5 2. 


4 8 


1 0 


2 . 


8 4 8 


-49. 


7 2 


1 i 


3. 


0 3 7 


-4 7. 


6 6 


1 2 


3. 


2 8 8 


- 4 6. 


5 4 



0039] 



N o 






mm 




Ja a! 14 


1 


1 2 9 0'C 


3 0# 


1 . 2 1 um 


2.1% 


0. 8 2° 


2 


12 3 0 


5 0 


2.36 


1 . 7 


0.3 9 


3 


12 0 0 


9 0 


3.22 


0. 9 


0.7 8 



[0040] 
[A table 8] 
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M n 
m u 


kH 


r „ ( p p m / *C ) 


I 


n 




o a 


0 2 


2 


u . 


q «v n 

y d u 


— 5 O . 


O 1 

8 1 


3 


i 

x » 


9 ft 7 
ZD/ 


— Do. 


1 o 


4 


1 . 


4 8 3 


- 6 4. 


4 4 


5 


1 . 


8 5 4 


-4 8. 


55 


6 


2. 


0 2 3 


-6 0. 


0 0 


7 


2. 


4 7 1 


- 6 0. 


1 5 - 


8 


2. 


5 2 9 


- 4 9. 


9 8 


9 


3. 


3 7 2 


- 5 0. 


1 3 



[0041] 



N o 


StSiSJK 




IS If 






1 


1 2 4 0 °C 


3 0# 


1 . 


3 0 ju m 


0. 


7 % 


o . 


2 2 • 


. 2 


12 9 0 


6 0 


2 . 


6 2 


0. 


6 


0. 


2 4 


3 


12 6 0 


12 0 


6 . 


0 9 


0 . 


8 


0. 


2 3 


4 


12 7 0 


3 0 


1 . 


3 3 


0. 


5 


0. 


2 2 


5 


12 5 0 


5 0 


3 . 


5 7 


0 . 


6 


0. 


2 5 


6 


12 3 0 


15 0 


4. 


9 2 


0 . 


5 


0. 


2 4 



[0042] 

[A table 10] 
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N O 


kH 


r v ( P pin/ *C) 


V S \ IU/ S J 


1 


U • 


Oil 


c c 
-55. 


2 2 


e 7 q 4 




1 . 


0 2 1 


-50. 


1 1 


c 17 0 ft 


■O 


1 . 


3 6 1 


-42. 


5 7 


K T C 1 

O 7 5 1 


A 


1 . 


6 46 


- 3 8. 


0 5 


5 7 2 4 


K 

£> 


2. 


0 5 8 


- 3 2. 


9 9 


5 7 3 1 


6 


2. 


7 4 4 


-2 9. 


2 9 


5 7 4 9 


7 


3. 


8 2 6 


- 2 3. 


8 3 


5 7 7 3 


8 


4. 


7 8 3 


-2 0. 


8 4 


5 7 6 5 


9 


6. 


3 7 7 


- 1 6. 


7 8 


5 7 4 8 



0043] 

A table 11] 



N 0 


kH 


t . ( p pin/ *C) 


Vs (m/s) 


1 


0. 


8 3 6 


-5 2. 


1 1 


5 8 6 0 


2 


1 . 


0 4 4 


-47, 


5 0 


5 8 5 1 


3 


1 . 


3 9 2 


- 4 0, 


9 5 


5 8 3 6 


4 


2. 


2 4 3 


-3 2. 


0 1 


5 7 7 5 


5 


2. 


8 0 3 


-2 7. 


8 5 


5 7 2 5 


6 


3. 


0 9 1 


-2 7. 


0 1 


5 7 4 8 


7 


3. 


7 3 8 


- 2 4. 


5 5 


5 7 3 2 


8 


3. 


8 6 4 


- 2 4. 


1 9 


5 7 2 9 


9 


5. 


1 5 2 


- 2 1. 


3 2 


5 6 9 8 



[0044] 

f A table 12] 



N 0 






mm 






1 


1 2 3 0 °c 


6 0# 


2 . 


5 6 u ra 


3.1%- 


0 . 7 8 0 


2 


12 9 0 


1 2 0 


5 . 


7. 7 


0. 9 


0. 6 9 


3 


12 6 0 


5 0 


2 . 


3 8 


2 . 8 


0. 8 4 


4 


12 4 0 


12 0 


5 . 


9 8 


0. 9 


0.7 7 
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[0045] 
A table 13] 


N o 


kH 


t y ( p p m/ -C) 


1 


1.608 


-4 9. 6 4 


2 


2.010 


- 6 0. 0 1 


3 


2.681 


- 3 2. 2 6 


4 


3.625 


- 3 5. 6 7 


5 


4.532 


- 4 0. 18 


6 


6.0 42 


- 2 8. 5 0 


[0046] 
A table 14] 


N o 


kH 


t v (ppm/ *C ) 


l 


1,495 


-3 7. 11 


2 


1.869 


-43. 2*1 


3 


2.492 


-53. 64 


4 


3.757 


- 4 8. 2 6 


5 


4.697 


- 2 2. 8 8 


6 


6.262 


- 2 0. 9 9 



[0047] 

[Effect of the Invention] If the A1N thin film on the silicon on sapphire by this invention is used, the 
SAW device by which the temperature characteristic of the velocity of propagation of the surface 
acoustic wave on this thin film was controlled with a sufficient precision can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 





[Drawin g 9] 
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[Dra wing 3] 
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[Drawin g 41 
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[Drawing 5] 
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[Drawing 7] 
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[Drawing 10] 
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[ Drawing 11] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 
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[Translation done.] 
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